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ABSTRACT 



AN INVESTIGATION OP A PROPOSED PLAN 
FOR CONVERSION OP LIBERTY SHIPS 

by 

William D. Ball, Jr., Lieutenant, 

U. S. Coast Guard 

Charles Scott Marple, Lieutenant, 

U. S. Coast Guard 

Submitted to the Department of Naval Architecture and 
Marine Engineering on 24 May 1954 in partial fulfillment 
of the requirements for the degree of Naval Engineer from 
the Massachusetts Institute of Technology. 

The object of this thesis is to present a conversion 
plan for the existing Liberty Ships involving least cost 
to increase their potential as a national defense investment 
by increasing their speed to 15 knots. Approximately 1500 
Liberty Ships are now in the reserve fleet, costing originally 
upwards of Six Billion Dollars. They are regarded as obsolete 
and a questionable defense potential because of speed limita- 
tions . 

This proposal is based on the following: Scrap one 

ship and save propulsion machinery; modernize one ship by 
using the additional propulsion machinery obtained to 
double the power, and lengthen the bow 24 feet to improve 
resistance , 

Details of machinery changes: Move forward engine room 

bulkhead forward 17 ' 6" to make room for the two additional 
boilers; mount two main engines each 6' 6" from the center- 
line of the ship in the same longitudinal location with the 
starboard engine HP cylinder placed aft so that the engine 
driven auxiliaries and main condenser retain the same posi- 
tion relative to this main engine ; install single reduction 
gears for engine speed of 7 6 RPM to 85 RPM of propeller; use 
new line and tail shafting, new stern tube, and new 18' pro- 
peller; necessary auxiliaries duplicated using those from 
scrapped ship. 

The new bow is faired into existing Station No. 3 at 
approximately frame 30 and has the following characteristics: 
Cut-up starting at 53' 7" from new forward perpendicular, 20° 
raked stem, and 16 ° half angle of entrance. 






Final characteristics of conversion: 

Length between perpendiculars = 440 ' IHP = 5000 horsepower 



The conversion is considered feasible in spite of excessive 
fuel consumption, and would cost approximately One ana One Half 
to Two Million Dollars per ship. 

Recommendations for making this proposal an actuality: 

Self propulsion model test; necessary detail designs for 
contract plans. 



Beam, molded = 56.9' 

Draft - 27.15' 

Displacement = 14,175 tons 



Speed = 15 knots 
Range - 17,500 miles 
Deadweight = 10,300 tons 
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I. INTRODUCTION 



) 

The United States Government is in a dilemma, what to do 
with the Liberty Ships? These ships in their present condi- 
tion represent an undeveloped potential of strength in case 
of national emergency. 

Preceding and during World War II, the United States 
built approximately 1,500 Liberty Ships costing about six 
billion dollars. These ships, in fact, were considered obso- 
lete when they were built. Slow and out-dated as they were, 
they did accomplish the job of logistic support in a credit- 
able fashion. 

Now laid up and rusting in reserve fleets their poten- 
tial as a defense investment is questionable. Two alterna- 
, tives are open to the Government: either to convert these 

ships so that they will be of use in a national emergency, or 
to scrap them. The former alternative seems more realistic. 
Not only would the Government realize greater strength in an 
improved fleet, but also work, which is desperately needed, 
would be available for the shipbuilding industry. The second 
alternative would represent a terrible loss . This thesis 
will concern an investigation of a conversion plan designed 
for national emergency only. 

The basic premises for this investigation are: that at 
the beginning of such a period considerably larger numbers of 
ships would be required; that materials and machinery would 
be in short supply; and that there would be a time delay for 
* shifting from peace time to war time production; i. e. 
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mobilization. The conversion plan fits itself to these con- 
ditions in that a minimum of material would be required; con- 
siderable scrap would be made available for the steel mills; 
and a number of modernized Liberty Ships would be available 
for immediate shipping requirements at a minimum cost . 

Briefly, the conversion plan embodies the following 
features. For each ship modernized, one would be scrapped, 
except for the propulsion machinery. By using the salvaged 
machinery to double the power in the converted ship, its 
speed could be increased. Modification to the bow by length- 
ening is proposed to reduce resistance and provide a more 
suitable form for increased sustained sea speed. 

Modest returns for this project would be realized in the 
financial return for the scrap, and the savings made by elim- 
ination of the maintainence cost for the scrapped vessel. 
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II. PROCEDURE 



In view of the fact that this is a practical and pro- 
gressive thesis, in that result follows upon result, and not 
an investigation of any one specific theory, the procedure 
will list only the investigations made in sequential order 
and give briefly the method used for each investigation. The 
degree of thoroughness was chosen commensurate with the im- 
portance on the final overall result. 

Tentative machinery arrangements were made for doubling 
the power by duplication of machinery. An attempt was made 
to maintain single screw propulsion and to keep the increase 
in space requirements to a minimum. Changes were viewed with 
respect to keeping the cost as small as possible . Any new 
equipment needed was tentatively designed using established 
procedures and rules . 

To determine the desired increase in length the sec- 
tional area curve of the existing Liberty Ships was stretched 
out from station three (3) forward, as if by pulling the nose 
to four predetermined lengths to ascertain the decrease in 
resistance. The resistance of these modified forms was cal- 
culated using Taylor's Standard Series. The goal of a sus- 
tained sea speed of fifteen (15) knots was established and 
strived for. Prom this investigation an increase in length 
was decided upon for increased speed and a more suitable bow 
form for maintaining this speed under service conditions was 
selected . 

From this information an actual set of lines was 
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prepared for the new bow by fairing into the existing lines 
at station three (3)» 

Once the form of the new bow was determined , the effect 
on the overall ship's characteristics, i.e. displacement and 
other curves, was calculated. This calculation was made on 
a change basis ; deductions for the old bow and additions for 
the new bow. 

Bulkhead spacing was checked by drawing a new floodable 
length curve using Webster's method. Changes in capacities 
of cargo and fuel oil were made from curves of molded volume 
with assumed deductions for interference and structure. 

Range was checked using existing fuel rate information. 

Other investigations were made for weight changes, and 
strength. 

To obtain an approximate overall evaluation for this 
proposal, letters describing this plan were sent to four 
leading shipbuilding yards requesting a rough cost estimate . 
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III. RESULTS 



Pigs. 1 and 2 show the existing machinery arrangement. 
Pigs. 3 and 4 show the final machinery arrangement as a re- 
sult of this proposal. Comparison of Pigs. 1 and 2 with 
Pigs. 3 and 4 should clearly illustrate the changes made. 

The salient features of all changes are as follows: 

1. Forward engineroom bulkhead moved forward from frame 
88 to frame 8l. 

2. Two additional boilers installed between frames 88 
and 82 without any changes to the existing fuel oil system 
piping . 

3. Two forced draft fans placed in the overhead behind 
the boilers on opposite sides with each one to supply an 
athwartships row of two boilers. The fans were located at: 
frame 92 Port and frame 82 Starboard. 

4. Changes in forced draft ducting and boiler uptakes 

are illustrated in Pigs. 9 and 10. 

eaeh <o 

5. Two main engines amounted I g — f o - et off the centerline 
between frames 97 and 107 with the Port engine HP cylinder 
forward, and the Starboard engine HP cylinder aft. The en- 
gine driven auxiliaries and main condenser were maintained in 
the same position relative to each main engine so that no 
modifications are needed. 

6. New reduction gear for engine speed of 76 rpm to 
propeller shaft speed of 85 rpm mounted between frames 108 
and 110. A plan view of the gears is illustrated in Pig. 6. 
Changes to deep tank #3 for installation of reduction gears 
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and clearances for gear repairs are illustrated in Pigs. 3 
and 7. New mechanical type flexible couplings are to be in- 
stalled in spaces indicated in Pig. 6. 

7. Two Main Circulating Pumps , 3 Fuel Oil Service 
Pumps, 4 Main Feed Pumps, and 4 Auxiliary Generators placed 
in locations indicated in Figs. 3 and 4. Locations of all 
other auxiliary machinery are also illustrated; however there 
is no change in the number of each required. 

8. New line shafting of 15.25" diameter and new tail 
shafting of 17" diameter to be installed in the present shaft 
line . 

9. New stern tube is illustrated in Fig. 11. 

10. New propeller of 18' diameter. 

11. Lines for new bow are illustrated in Fig. 12. For 
these lines the half angle of entrance of the 27’ waterline 
is 16°. The bow has a 20° raked stem with 10' radius and 
53' 7" of cut up. 

12. Displacement and other curves for existing ship and 
for conversion are illustrated in Fig. 14. For these curves 
whenever the midship station is used for reference this point 
was maintained at the original midship station. 
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13* ^Coefficients of the new hull form at 27.15 ft. 



waterline ares 



C p = .741 
Cb= .730 
C w = .820 



Ope - .710 
C pr = .715 



L e = 43.2^ 

Lmb = 9.5^ 



Lr= 47.3$ 



A = 14,175 tons 

L.C.B. 12.1' forward of existing midship section or 
0.1* forward of new midship section. 

14. New floodable length curve is illustrated in Fig. 15 . 

15. Profile of the new bow is illustrated in Pig. 13 . 

16 . New light ship displacement = 3868 tons . 

17. New fuel oil capacity - 2453 tons. 

18. New grain cubic = 550,142 cu. ft., new bale cubic » 
494,446 cu. ft. 

19. Calculated EHP bare/ SHP at engine = .78 

20. Final curves for EHP bare and SHP at engine versus 
speed for conversion at- a draft of 27.15' are illustrated in 
Pig. 19. 

21. Range = 17,500 miles at 15.3 knots, or 48 days. 



* definition of coefficients. Reference 5# P.8,9 j10 
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NEW LEVEL 
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frame 96 looking fwo. 
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April, 1942 



IV. DISCUSSION OF RESULTS 



In this section the subhead numbers will correspond to 
the topics as listed in the RESULTS. 

1 . This result is based on many trial and error arrange- 
ments of the ba,sic machinery. The final result was chosen 
for its compactness in that it produced the smallest increase 
in engineroom size. Conversely, this resulted in the small- 
est decrease in the volume of Hold # 3 . In effect, this bulk- 
head movement was needed only for the installation of the two 
additional boilers . 

2. The two existing boilers are left unchanged, as any 
movement would necessitate additional cost. The location of 
the additional boilers was chosen for the purpose of keeping 
fuel system piping, manifolds, and pumps in their present 
location, again requiring no changes. The only additional 
fuel oil piping required is necessary for firing the added 
boilers. This location also provides necessary clearances. 

3. Since two extra boilers are required for doubling the 
power, two forced draft fans are needed, each one to supply 
two boilers as in the existing plant. To keep the working 
space at a maximum on the lower level, the forced draft fans 
were placed on a level with the top of the fuel oil settling 
tanks . In this manner the ducts were placed in back of the 
boilers near the skin of the ship . Each forced draft fan 
supplies two boilers in athwartship position. By arranging 
the fans in this way the maximum amount of fuel oil settling 
tank volume can be utilized. 
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4. The new forced draft ducting supplies each of the two 
athwart ships boilers from below, and encounters no interfer- 
ence from existing piping systems . Running the ducting in 
this manner was the only way that both objectives could be 
met and still keep the length of ducting small. 

The uptakes for the existing boilers are not changed. 

The uptakes for the additional boilers join the existing up- 
takes at the base of the stack. The stack does not need to 
be enlarged, as shown in APPENDIX K. 

5 . The main engines are located in the same longitudinal 
position as on the existing Liberty Ships, between frames 97 
and 107. Keeping the engines in this location has two advan- 
tages ; existing hull reinforcements may be utilized for 
strength and also the length of the engineroom can be kept to 
a minimum. The minimum distance, 13 S between the centerline 
of each engine was selected to keep the size of the gears re- 
quired for power transmission to a minimum and still provide 
clearance between the engines. 

The starboard engine was reversed with the high pressure 
cylinder aft, so that the main condenser and air pump can be 
kept in their existing positions on each main engine without 
unnecessary added cost of installation. This necessitates a 
longer steam supply line, but this is negligible as compared 
to the changes required if the engines were placed in posi- 
tion with the high pressure ends of both engines forward. 

This reversal has to be effected by changing the power take- 
off from the low pressure to the high pressure end. This can 



- 30 - 



easily be accomplished since the main engine crankshaft is 
fabricated in sections.* Thus , the existing forward section 
of the high pressure crankshaft with eccentric would be re- 
moved and replaced by a new section with suitable flanges for 
power take-off. 

Control of the engines is more complicated by this ar- 
rangement , but necessary extension rods can be designed to 
meet the control requirements . A suggested method for con- 
trol of the main engines could be a long shaft between the 
engines with worm gears for operating each valve wheel simul- 
taneously. The control station would be forward of the main 
engines on the centerline of the ship. 

6 . With the given engine spacing of 13 1 to accomplish 
the required speed changes by a single reduction, i.e. from 
76 RPM of engines to 85 RPM of propeller shaft, the diameters 
of the gears must be 82.4" for the two engine pinions and 
73.6" for the shaft bull gear. 

The centerline of the reduction gear has been located at 
frame 109. Por a generous allowance of space, the gears were 
designed with a loading factor of 50, and bearing pressures 
of approximately 150 pounds per sq . in. The overall length 
of the gears and bearings is 57". In the preliminary plan 
view of gears. Pig. 6, allowance has been made for Installing 
flexible couplings between the main engines and the gears . 

The minimum space allowed is 21 5/8". The space forward of 
the reduction gear on the centerline to the main engines of 
*Reference 8 plate 5928-2, No.15 



47 1/2" is ample for a thrust bearing installation. Not only 
will the couplings offer means of disconnecting either main 
engine from the main shaft in case of breakdown, but also 
they provide some means of separating the propeller excited 
and engine excited vibrations. 

In order to remove the gear casing for inspection or 
maintenance the existing thrust recess overhead must be 
raised approximately 5' 3"* Also the former thrust recess 
must be widened to 33' 6" and lengthened to 10' to permit 
installation of the gears . This allows suitable room for the 
lube oil pump and lube oil purifier which are required for 
the gears to be installed in this space. The diameters of 
the gears require a cut out in the engineroom floor for the 
lube oil sump to be located beneath the gears . Lube oil 
storage tanks can be located aft of the gears on either side 
of the line shaft to provide necessary additional lube oil 
capacity. 

7. Two main circulating pumps have been located on each 
side of the main engines . To keep the bilge injections from 
interfering with the turn of the bilge they must be limited 
in location to 21* off the centerline of the ship. Therefor, 
they were placed at this distance athwartships and forward of 
each main circulating pump to limit the length of piping to 
the pumps . The ballast and general service pump has been 
moved beside the existing fire and bilge pumps to make room 
for the main engines. Three fuel oil service pumps are re- 
quired, two of these pumps can be used continuously with the 
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third as a standby. Four of these pumps do not seem neces- 
sary for this installation since the pumps are rugged , and an 
extra pump would usurp valuable space. However, four main 
feed pumps are required for safety requirements and to pre- 
serve split plant operation, if required. .Of the two exist- 
ing feed pumps, the inboard pump must be moved alongside the 
one outboard to allow for main engine relocation. The two 
new feed pumps are located on the starboard side. An extra 
feed heater is also needed close to the starboard fuel oil 
settling tank. 

In the upper level space has been allowed for four gen- 
erators to give sufficient capacity for the former armament 
installation which required four generators. The Storeroom 
and Workshop on this level has been reduced 4' in width as a 
result of the new machinery installation. 

8. The size of the new line and tail shafting was deter- 
mined using the American Bureau of Ships rules. Allowing 
slight margins, the final dimensions are 15.25" and 17" re- 
spectively. The former shafting was 13.5" for line shaft and 
15 1/4" for the tail shaft. This proposal for new shafting 
will increase the overall cost, but knowing that the existing 
Liberty Ships have had considerable trouble with their shaft- 
ing, a new installation seems to be warranted. Further dis- 
cussion in the choice of size of shaft is included in item 10. 

9. With the increase in shaft size, the bearings must be 
renewed in the line shafting. Also a new stern tube is nec- 
essary since the tail shaft has been increased to 17". Using 
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the American Bureau of Ships x*ules, the length of bearing and 
thickness of shaft liner have been determined. Pig. 11, 
Details of Stern Casting, has been drawn using these dimen- 
sions as a beginning, and closely approximating the thickness 
of the bushing and bearing strips from those on the existing 
Liberty Ships. The stern casting need not be renewed, but 
can be bored out for the new stern tube . 

10. For the propeller calculations the first trial was 
made assuming an RPM of 120. This assumption was based on 
the fact that by increasing the RPM to this figure, it might 
be possible to retain the existing shafting. Prom this point 
on, the RPM was decreased to ascertain any gain in efficiency 
until the maximum allowable propeller diameter was reached. 
This showed that a gain in propeller efficiency of 7.5$ was 
available by this process . Thus for such a tremendous gain 
in propeller efficiency it was decided that it would be well 
worth while to install new shafting to realize this gain. 
Pinal choice of propeller is Troost's B 4.55 series, 18 ' 
diameter, H/D=1.10. 

By using an 18' diameter propeller, three additional 
inches of tip clearance would be allowed over that of the 
existing propellers. This allowance was made because of the 
Increase in power delivered to the screw. This factor along 
with the increased diameter of the new shafting may be the 
answer to some of the shafting and propeller problems that 
have existed on these ships. 

11 . The preliminary length investigation revealed that 
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a speed of 15 knots could be obtained with the doubled power 
If the bow were lengthened a minimum of 20'. However, by 
comparison to Baker's models of good form * of corresponding 
block coefficient, it was found that for the characteristics 
of the new bow and old stern to be compatible at the in- 
creased speed, a bow length increase of 20'to 30' was indi- 
cated. Thus an increase of 24' was decided upon and a new 
set of bow lines prepared by fairing into the lines existing 
from Station 3 aft . 

Good practice would indicate a half angle of entrance of 
18° at the designer's load waterline for the assumed pris- 
matic coefficient; however a half angle of entrance of 16° 
was chosen to produce a finer entrance. A raked stem with 
cut up was decided upon to improve seaworthiness. With the 
20° raked stem, the waterlines above and below the designer's 
waterline could maintain the chosen half angle of entrance 
making the bow sections V-shape. Cut up from existing frame 
15, 53' 7" from the new forward perpendicular, was used to 
eliminate inaccessible regions, to cut away useless siirface 
area, and to provide for better flow. 

The net result of finer entrance, raked bow, and cut up 
is expected to be a higher sustained sea speed with less dan- 
ger of slamming in rough weather. 

12. The changes in displacement and other curves for the 
bow changes are clearly illustrated in Fig. 14. The net re- 
sult of the additional length amounts to an increase in 
* Reference 11, p. 127 
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displacement of approximately 250 tons at the 27' waterline. 

13 . The coefficients for the new hull form at the 27.15’ 
waterline indicate a reduction in Cp from .76 to .74 which is 
rather high for ships of the desired speed indicating that 
the conversion will be overdriven. This was another reason 
for choosing the finer entrance angle over that indicated by 
good practice. The block coefficient was reduced from .75 to 
.73 indicating that speed keeping in rough weather has been 
materially aided. The LCB has been changed in such a manner 
that it is almost exactly at the new midship section; this is 
considered a very favorable position for the new speed. 

Other coefficients indicate that the entrance has been length 
ened as well as fined to aid in attaining the higher speed. 
The stern remains unchanged since it is considered a favor- 
able shape for the Increased speed. 

14. The new floodable length curve illustrates that 
neither the lengthening of the machinery space nor the length 
ening of #1 Hold Jeopardized the one compartment standard. 

15. The profile of the new bow shows the new arrangement 
The only major difference from the former arrangement is in 
the deep tanks which are now included as fuel oil tanks . 

16. The increase in light displacement from 3390 tons to 

3868 tons is due largely to the additional machinery. Of the 
478 tons added, machinery changes accounted for the follow- 
ing: Boilers 130 tons. Main Engines 140 tons. Shafting 14 

tons. Reduction Gear 12 tons, and Machinery Liquids 45 tons. 

17. The fuel oil capacity was increased from 1819 tons 
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to 2453 tons to provide for the increased fuel consumption 
resulting from increasing the power. Increases are derived 
from the larger double bottom tank #1, using deep tanks #1 
and #2 for fuel oil, and from the larger settling tanks. 

Some fuel oil capacity was lost by enlargement of the thrust 
recess in #3 Deep Tank to accommodate the reduction gears. 

18 . The decrease in grain cubic from 562,608 cu. ft. to 
550,142 cu. ft. and in bale cubic from 499 .-573 cu. ft. to 
494,446 cu ft. is largely a result of a much shorter #3 Hold. 
Gains were made in #1 Hold, and #1 and #2 Deep Tanks, with 
losses in #3 Hold and #3 Deep Tank. 

19. The final coefficient of EHP bare to SHP at the en- 

gine of .78 was based on the following known and assumed 
quantities: Propeller efficiency = .671 from propeller cal- 

culation; wake fraction = 0.250 and thrust deduction - .085 
from existing Liberty Ship tests; transmission efficiency = 
.99 assumed; relative rotary efficiency = 1.00 assumed; and 
appendage alloxvance of 4^. 

20. The final EHP and SHP curves were derived from 
Taylor’s Standard Series * using the coefficient obtained in 
Item 19 above. They Indicate a maximum speed of 15.3 knots 
at 4600 SHP or 2300 SHP per unit ; or a service speed based on 
80 $ of maximum power of l4.5 knots at 3680 SHP or 1840 SHP 
per unit. Since the units are reciprocating engines with a 
large factor of safety, it is assumed that they can be oper- 
ated at or near maximum power for extended periods of time, 

* Reference 13 
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and thus a sustained speed of 15 knots at 4200 SHP or 2100 
SHP per unit is not an unattainable goal. The boilers in no 
way would be controlling in that each one is capable of sus- 
tained operation at 30 $ above maximum engine power require- 
ments . 

21. The range of 17,500 miles at 15.3 knots compares 
favorably with the original maximum range of 20,000 miles at 
12 knots. The fuel consumption of the conversion is 1.25 
barrels per mile at 15.3 knots compared to .80 barrels per 
mile at 12 knots for the existing ship. 
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V. CONCLUSIONS 



One of the principal factors effecting the overall 
evaluation of this plan cannot be completely discussed at 
this writing. This is the cost involved in the conversion. 
Refined estimates of cost are expected at a later date from 
two reliable firms in the shipbuilding industry, and will be 
included in APPENDIX M if they are received in sufficient 
time. One of these estimates will be based on the consider- 
ation that material for the conversion will be delivered to 
the conversion yard; i.e. that material needed from the 
scrapped ship will be supplied by the government. Further- 
more, that any costs involved in any necessary machinery re- 
conditioning are not included as they are indeterminable. 

To date, two rough estimates have been received from two 
other shipyards based upon a brief description of our pro- 
posal, see letter in APPENDIX M. These estimates are "Two 
Million Dollars, Plus or Minus", and "a very rough estimate 
. . of $1,500,000". In view of these estimates, it is con- 
sidered feasible to attempt such a conversion for improvement 
of the Liberty Ship. 

Mr. Douglas C. MacMillan has proposed a conversion for 
an 18 knot Liberty Ship * by using a completely new power 
plant with lengthening and refining of the bow. It is be- 
lieved that his proposal is designed to make them a competi- 
tive ship for actual Merchant Marine operation since he also 
considers improvements of cargo handling and living quarters. 
♦Reference 16 
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It is acknowledged that the existing Liberty Ships may be 
deficient in living quarters and cargo handling, and that 
these items should not go unnoticed; however, our proposal 
was clearly based on a minimum change to the existing ship 
necessary only to make it capable of higher speeds. 

One distinct advantage of our proposal of 15 knots over 
that of 18 knots would be in the homogeneity of the reserve 
fleet. With the 18 knot conversion operating in company with 
Victory Ships they would have to reduce speed to 15 or 16 
knots when in convoy; clearly the added expense of converting 
to 18 knots would be entirely wasted in this case . Thus by 
converting only to the 15 knot range, as in our proposal, the 
entire reserve fleet of Victory and Liberty Ships would be 
placed nearly on an equal level with no ship having to sacri- 
fice much in available speed to maintain convoy operations. 
The role of 18 knot ships should be left for new ships with a 
full service life ahead. 

Even though no refined cost estimate has been received, 
it is felt that this proposal represents the least expensive 
conversion cost for producing a faster Liberty Ship. A mini- 
mum of new material is needed, and the greatest cost would be 
in labor of the type and scope that would be required for any 
rational conversion to achieve the same goal of 15 knots. 

The alternative, eliminating this proposal's cost of 
reduction gear and new shafting by going to twin screw with 
existing shafting, was vetoed early in the investigation for 
two reasons. First, some of the gain in horsepower would be 
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offset by a reduced propulsive coefficient . The overall 
efficiency of a twin screw plant is always considerably less 
than that of a properly designed single screw installation 
unless the choice of propeller diameter for the Installed 
horsepower is severely limited. Secondly, the cost of the 
major internal and external changes required for running two 
new shaft lines with elimination of the existing shaft line 
were considered not much less than the cost of reduction 
gears and new shafting. Thus the overall balance showed 
desirability for maintaining single screw propulsion, and to 
this end considerable attention was given to placing the two 
main engines as close as possible for making the reduction 
gears a reasonable size. The method by which this is done is 
considered unique and came about after many unsuccessful 
schemes were tried. 

The need for a new and longer bow should be clearly evi- 
dent by this time. The resistance of the existing hull form 
is not only prohibitive of higher speeds, but also, if they 
were attained prohibits their being maintained in any sea 
conditions other than the most favorable. Thus the new bow 
was designed to ease the attainment of the higher speed, and 
also to aid in maintaining that speed under adverse sea con- 
ditions . If the doubled power were installed in the existing 
Liberty hull form, a maximum speed of approximately 14.5 
knots could be attained. With the new hull form and doubled 
povjer, 15.3 knots can be attained. Thus the gain in speed 
for the new hull form is approximately 3/4 knot over the 
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existing hull form. 

The amount by which Hold #3 was shortened leaves some 
doubt as to it3 utility after conversion. This is the only 
place in which the dry cargo capacity may have been Jeopar- 
dised. If this hold is considered too short for proper cargo 
handling and stowage, it could be converted into a deep tank 
for carrying liquid cargo, or else made into a refrigerated 
cargo space. 

The excessive fuel consumption of the existing Liberties 
was one attribute by which they were deemed unfit for com- 
petitive merchant ship operation. Since this conversion em- 
bodies the use of two of these fuel consuming plants, it can 
reasonably be understood that this conversion was in no way 
designed to place the ship in competition with operating mer- 
chant fleets. It must be definitely understood that the whole 
purpose was to devise a plan for conversion that would pro- 
vide the least drain of material and expense to prevent the 
present Liberties from being "sitting ducks" in the event of 
any future conflict . 

If they were to be converted for merchant fleet competi- 
tion a scheme of the type employing only installation of Fiat 
diesels which is now being done in Italy * is suggested. 
However, the domestic cost of machinery and labor involved 
would probably prohibit such an installation. 

A check of hull strength # showed that the existing 

* Reference 15 

# Appendix H 
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Liberties have sufficient strength to meet requirements for 
the designed draft of 27-15'. However, in view of the many 
hull fractures in this class ship, approved methods of flat 
bar stiffening of the decks employing use of crack arrestors 
should be fitted to those vessels on which this alteration 
has not been accomplished. 

The final conclusion would be that our plan is a pos- 
sible means of conversion to increase the speed to approxi- 
mately 15 knots at a minimum of cost. 
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VI. RECOMMENDATIONS 



The first and foremost recommendation would be that a 
model test, including self propulsion tests, be made of the 
new hull form to check conclusively the approximations and 
calculations made in this proposal before any attempt is made 
to try this plan in actuality. Also, in light of the fact 
that this report is considered more of a preliminary design 
evaluation, in many instances before undertaking the proced- 
ures outlined, more investigations should be made for further 
checks of the results listed. Such items in this category 
would be the reduction gear and shafting; more complete 
vibration analysis of the propulsive system to aid in design- 
ing flexible couplings and/W vibration dampers ; and detailed 
plans for construction of the new bow. Piping arrangements 
for the new machinery locations, control and support of the 
main engines, and boiler foundations are also suggested for 
further investigation for completion of a contract design. 
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APPENDIX A 



PROPELLER SELECTION 

Screw series, B 4.55; is chosen for its better cavita- 
tion characteristics and its apparent freedom from singing. 

A large blade area ratio, Fa/F = 0.55, is selected with the 
expectation that the blades will be highly loaded.* 

Since the driving power of the ship is doubled, 

IHP = 5; 000, it is necessary, first, to determine the re- 
quired revolutions per minute, if the existing shafting Is to 
be used. 

From American Bureau of Shipping rules**, the required 
revolutions per minute for the existing shafting with the new 
increase in power is given by: 




where 

D» diameter of line shaft, inches = 13.5 in. existing. 

C= 1 for line shafting 

Ki= 64, a factor for ocean service 

IHP- indicated horsepower = 5; 000 

SHP- shaft horsepower = 0.92 IHP$ = 4600 

therefore N- C 3 K x SHP/ D 3 = 1 x 64 x 4600 = 120 RPM 

(13. 5) 3 



5 Reference 1, p. 198 
** Reference 2, p. 130 
# Reference 3; p. 40 
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The following factors are needed prior to entering into 
the propeller charts:* 
w - wake fraction 
V$-~ ship's speed, knots 

V a = intake velocity for the screw, knots 

Cb= block coefficient 

Bp= screw loading coefficient 

P = power absorbed by the screw (in hp. of 76 Kgm/sec.) 
Prom Taylor's equation for wake fraction, w, is; 
w« -0.05 + 0.50 Cb - -0.05 0.50(0.73) 

w= 0.315 

Prom existing Liberty Ships #, w«0.25 at 14 knots. This 
latter wake fraction will be used, since it is more realistic. 
Assuming shaft friction loss to be approximately 4$, so that 
power delivered to the screw is: 

P= 0.96 x 4600 = 4420 DHP 

P( corrected for metric system) = 75(4420)/76 = 4360 
In the Bp formula, however, the power in fresh water should 
be used, so that finally P= 4360/ 1.025 = 4260. 

Decreasing the revolutions per minute 2$ due to scale effect, 

N becomes 0.98 x 120 = 118 RPM (approximately 2 RPM less). 

The intake velocity for the screw Is: 

V a =V s (l - w) = 15(1 - 0.25) - 15 x 0.75 - 11.25 Knots 
Now B p - N x P°*5 / v|-5 = 118 x \/4260/ (11. 25 ) 2 * 5 
B p = 18.1 

* Reference 1 p. 207 

# Reference 4 
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Entering the propeller chart for Screw series B.4.55 
£ = 167 = N x D / V a velocity coefficient 
D = propeller diameter in feet 

The velocity coefficient should be diminished by a cer- 
tain percentage which is related to the shape of the after 
body*. Deduction is assumed to be 5 

S = 0.95 & = 0.95 x I67 = 158.5 = corrected vel. coeff. 
H/D = 0.97 pitch ratio where H = face pitch 
Y[ p = 62.5$ propeller efficiency 
D = S' x V a /N = 158.5 x 11.25 / 118 - 15.0 ft. 

Since the propeller diameter is too small as compared to 
that existing on the Liberty Ships (l8‘ 6"), a larger pro- 
peller is required. One proposal is suggested to meet this 
demand. By decreasing the required shaft RPM sufficiently, 
a propeller approximately the same size as the present pro- 
peller may be found. 

Using the relationship for the new B p 's. 

Bp - N new x 18.1 / 118 

and the given information, the following characteristics may 
be determined from the propeller chart for each trial of N. 
Trial N N CO rr B p £ £/ H/D p D 

1 100 98 15.0 151 143.3 1-07 65.O 16. 5' 

2 85 83 12.73 140 133 1.10 67.I 18. O' 

No further reduction in RPM is considered since the diameter 

of the propeller would become too large. Also, a slightly 

larger tip clearance is provided over that for the existing 

propeller. 

^Reference 1, p.235 
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The gain in horse power 1 over that for N = 120 RPM is: 
(.671 - .625)/. 625 = .0737 or approximately 7.5$ gain. 
CAVITATION CHECK FOR PROPELLER 



The following factors are known: 

Draft T- 27.15 ft. x .3048 - 8.28 m. 

Height of center of shaft above base 

E« 10.83 ' x .3048 - 3.30 m. 

T - E * 4.98 m. 



Wave height 0.743 m. 

Wave head above center of shaft - 5.723 m. 



Hydrostatic pressure in sea water 

(5.723 x 1025) ...» 5870 Kg/ra 2 

(Atmospheric pressure - vapor pressure, e) = 10100 Kg/m 2 

(Static pressure at center of 

screw shaft - e) = (P 0 -e) *15 .,970 Kg/m 2 

Intake velocity v e = 15(1-0.25) x 0.5144 = 5.78 m/sec. 

Hence, the cavitation number becomes: 

= p o - e = 15970/ (.5 x 104.5 x 5.78 2 ) = 9.15 
1/2 f> v| 

where = density of fluid, Kgm’^sec 2 = 104.5 
Assuming J a = 1.025 relative rotary efficiency of the screw 
Y\ p S x L = screw efficiency behind the ship 

V| ps = O.671 x 1.025 = 0.68 9 
The thrust, S, may be calculated from the power intake 



velocity: 

S = DHP x 75 x n r .< 



0.6 7 / 

= 4420 x 75 x O -.- 68 9 = 38,500 Kgs. 

5778 
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According to the chart for cavitation limits* 

S/Fp ^ 

p ~~~ e ^ 0*39 Ratio of thrust per unit of projected blade 
area to the static pressure above the center 
of the screw shaft . 

S = 0.39 x 33,500 = 15,600 kg/m 2 
p p 

Hence F p = 39 , 500 = 2.66 m 2 Minimum projected blade area 
15,600 below which cavitation occurs . 

For the screw series chosen, F a /F = 0.55, Ratio of expanded 

blade area to disc area of the screw. 

Diameter = 18' x 0.3048 = 5.49 m. H/D =1.10 

Fp/F a ■ 1.067 - 0.229 H/D Taylor's equation for ratio of 

projected blade area to the 
expanded blade area. 

F p = 0.55 x (1TV4) x ( 5 . 49 ) 2 [1.067 - 0.229 x l.ioj 
Fp = 10.6 m 2 for F a /F = 0.55 

Therefor no cavitation is expected for the propeller 
chosen. 

By Eggert's method# another cavitation check can be 
made. It is possible by this method to determine the revolu- 
tion per second at which the loss of thrust due to cavitation 
begins . The formula is : 

k ( 'TT nd) 2 - 10.7 h 1 t 4b or 

OC + c 

n 2 = 10.7 h x 1 ,f 4b where: 
k IT 2 d 2 oC + c 

n * the revolutions per second at which loss of thrust 
begins . 

d = the screw diameter at 0.9 radius, R; d = 0.9D 



♦Reference 1 p. 186 
#Reference 1 p. 180 



- 50 - 



h = the total head, in feet of water, above the screw 

axis (being the sum of the water head and the atmos- 
pheric head, the latter being equal to 33 feet of 
sea water) 

b = ILti/D = the mean blade-element length ratio 



oC= the angle of attack at 0.9R = a S n 

2 Tf k 



C 

k 

a 



= S/£ - the blade -thickness ratio at 0.9R 
= 1 + [a, ( 1 - S n /2jj 2 where: 

L'Tf 

= the pitch ratio at 0.9R = H/(0.9D) 

= the slip ratio at 0.9R = 1 - v e 



n H 



water head = 5.723 x 1025 = 5870 kg/m 2 = 19.25 ft. of water 



atmospheric head = 33.00 ft. of water 

Total head = 52.25 ft. of water 



k = 1 f 
H/D = 1.10 



( 1 - S n /2)2 

H = 1.10 x 5.49 



6.04 m. 



a = 1.10/0.9 » 1.22 

S„ = 1 - v e = 1 - 5.78 x 60 = 0.325 

n H 85 x b.04 

k = 1 + (1.22) 2 ( 1 -.162) 2 = 1 ♦ (.151) (.702) 2 = 1.106 
3.14 2 



d = 0.9 x 18 = 16.2 ft. 

b* = J? m /D = 0.259 assuming d n /D = .167 boss diameter 

ratio. 

oC= f- ^n = 1.22 x 0.325 = .0569 

2 tT k 2 x 3.14 x 1.106 

c$ = s/n at 0.9 R ft = chord length; s = blade thickness; 

4 blades; D = 5.49 m. 



^max at °‘ 6r = D = 1.20 m. 

H at 0.9R = 0.72 Imax = 0.865m. 

* Reference 1 p. 177 

# Reference 1 p. 204 
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s max = °-045 D = .247 m. 

S/D at 0.9R = .0072 
S = .0395 

c = s/g = .0395 /. 865 = .0457 
n 2 = 10.7 x 52.25 




1.106 x (3.14) 2 x ( 16 . 2) 2 



n 2 = .195 x 2.036 = 3.86 

7IS25- 

n - \p .86 = 1.97 rev. per sec. = 118 rpra 
Since the maximum revolutions per minute for the propel- 
ler chosen is to be only 85 rpm; it is not expected that the 
propeller will cavitate . 

Lerb's method is not used since the characteristics of 
this screw lie outside the range examined by him. 

The characteristics of the propeller selected are : 
Troost's B. 4.55 series 
Diameter = 18 1 
Pitch/Diameter, H/D = 1.10 

Ratio of expanded blade area to disc area, F a /F = 0.55 
Propeller efficiency, Yl p = 67 . 1 $ 

Designed RPM = 85 

Screw loading coefficient at designed conditions. 



COEFFICIENT FOR PROPULSION 

To calculate the coefficient EH^bare / SI * P engine the fol- 
lowing known and assumed quantities were used: 



I 3 p » 12-73 
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t = thrust deduction = .085 from existing Liberty Ship 
w = wake fraction - 0.25 from existing Liberty Ship 
e rr = 1.00 assumed relative rotary efficiency 
~ *99 assumed transmission efficiency 
e p = .671 calculated propeller efficiency 
Appendage allowance = 4$ assumed. 

The following relations are used in determining this 
coefficient : 

Propulsive coefficient = EHP = e b x e-p x e rr vthere 

PHP 

8h«l-t s l- .085 = 1.22 

r“=~w r “0.2 5 

SHPengine x e t = PHP and EHP - 1.04 EHP bare 

Therefor EHP bare _ e b x e p x e rr x e b 
SH?engine “ 1 04' 

= 1.22 x .671 x 1.0 x .99 - 7 ft 
TOT 



* Heference 4 



APPENDIX B 



SHAFTING AND STERN TUBE SIZE ESTIMATION 



LINE SHAFT 

Since the proposed shaft RPM is 85 for j6 RPM of the 
main engines, the existing shafting will not be adequate. 
From the line shaft formula* the least diameter shaft will 
have to be: 



On this basis 15.25 inches is selected for line shaft 
diameter. 

TAIL SHAFT 

The least tail shaft diameter is determined by the fol- 



T = d + P/C where; 

T = diameter of tail shaft in inches 
d = diameter of line shaft in inches 
P = diameter of propeller in feet 
C • 12 when the shaft is fitted with a continuous 



T = 15.25 + 18.0/12 = 16.75 Inches (least diameter) 
T - 17.0 inches assumed. 




15.1 inches 



lowing formula^ 



liner 



* Reference 2 p. 130 

# Reference 2 p. 127 



